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(54) Mass flowmeter converter 

(57) Disclosed is a mass flowmeter converter which 
detecs Coriolis force acting on a flow tube being alter- 
nately driven with a constant frequency about its sup- 
porting points as a time difference AT between paired 
displacement signals deteced at symmetrically 
opposed positions and determines a mass flow propor- 
tional to a time difference AT. The sine^ave signals 
having different phases at a constant amplitude which 
are outoutted by paired detecting coils are used for 
forming respective input signals which are pulses hav- 
ing specified pulse width values being equal to a leading 
time (T+AT) and a lagging time (T-AT) and havingspec- 
ified wave height values (T+AT) and (T-AT) respectively 
are determined as input pulses. N pieces of pulses 
(T+AT) and N pieces of pulses (T-AT) are samped 
simultaneously into respective integrators having the 
same time constant, the respective charge after being 
charged are discharged by using a reference power 
source with measuring a time difference of zer^aoss- 
ing voltages and a time difference signal enlarged by 2N 
times is detected. Thereby an accurate sensitivity mass 
flow rate is attained without using a special clock pulses. 
Futhermore. a small time measurement error due to 
drifts of the charging-discharging circuit which are 
charged with each N pieces of respective pulses of 
(T+AT) and (T-AT) can be compensated by etching 
he charging-discharging circuits every charge-dis- 
charge cycle so as to allow N pulses of (T+AT) and N 
oulses of (T-AT) to enter in different circuits every cycle, 
thereby stable and accurate time-difference measure- 
ments can be conducted for a long time of use. 
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Description 

BACKGROUND OF THE INVENTION 
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measure a Coriolis torce acting ZSSS^r **" ^ 

drfference at high sensitivity with no trar^t-timfcha™ ^^mT^^T*?"* 1 * TOSSf ^e. asa time 

A Coriolis flowmeter is a well known mass TfloS- L 7* ? 8 operational circuit, 
tube supported at both ends on su^nTmlrS Z JSH f 88 ? UP °" *• fact that ^ «"« * 'ows in a flow 
portion in the direction perpendiculaTto te 2s a olT^f ' S dnV8n Wftn m altemate «"*«ati°n at its center 
positions on the flow tube and saw ph£ ?<£HZ£ ? D 0 !S ( ' S balwee " ^ metrically opSte 

excited by a drive circuit is provided TinThe cenTof a f lo^S?* IT* ' ,0W ""^ ,n 8 living co«to be 

detecting coils are arranged* symmeSy^^ ^ ends « W«ng means and two 

ube. A signal of a phase difference proportional^ mZ^Tl h "Of" P ° rfi0n a "d both ends of the flow 
'sfeaeaarrfan^ssflowisd^ 
to be constant, a phase drfference signal can be dS as ?ZT««. ^ adr,v "« osci,latio " frequency is supposed 
passes a standard line at symmetrical positions drfference s.gnal obtained when the flow tube 

When a flow tube suooorted at hnth ^ 

center portion in the direcSS^rSrulart £ aTa^sZ^ * "* 8,tern8te """" — «*» at Hs 
material of the flow tube and a density of the « fS?n .5 9 r8quenCy which responds to a size and 

fluid density correspond^ to t,.^£^E^.£ * 8 ™ "«» «* 

tube at its natural oscillation frequency determ.ned. For th,s reason, ,t is usually adopted to drive the flow 

rfied freque TO y during ti,e time difference FoSa^r ^ 
rigidity of its straigm tube, aphase difference 

time difference value of the time difference^ ^rce is small and. therefore^ 

Such a small time difference may be detected at an^ur^?nL 9 J d,fference ^nal is correspondingly small 
flowmeter by using a clock pulse generate, IlE^KKZ^ measure ™* *• <**■■ ma* 
measureasmal. value of time different at a higZccura^ 

detecting circuit itsefl. e.g.. the occurrence of Le^T^rlZ^l^T 85 * 8 * me time 
flowmeter ^„ may beaffecled by an expansion of^ 

SUMMARY OF THE INVENTION 
one^ec^ 

ference AT between paired displacement sign~.s?«ec^3 aTsvm^^S.f^" 9 fe detected as a bm ° * 
f lowrate proportional to a time difference AT. wh ere fn P0Sifi ° nS to determine a ™ss 
ent phases at a constant amplitude, one of which feconSSf^^^^ 

an even height in positive and negative direction rSaCT^nce^^^ 9 " 81 "** ' S 8 havin 9 
other is converted into a trapezoidal wave signal havino a tim S£^!t h8V,nfl a 8,0(56 * time T > and the 

respective trapezkxtel wave signals are selecte^se^^^ 

respectively and having specified pulse widtt^es £m SoTS? T ^ Values ^ and (T-AT) 

from he respective trapezoidal wave signals an ^ZT^^^V™ ^ 8 " d 8 ,a " in 9 fime 

of pulses fT-ATJ are sampled simuftaneoush, int« rl-^T P pUlses; N p,eces of P u 'ses (T+AT) and N Dieces 

charge after being charg^S are ^ES^EE? * ^ T* *" 

voftages is measured, and a time difference s^nTenla^bv P^mT^^!- 8 time difference 01 crossing 

massflowrate is attained even when there is a L f low cha^e ' S det8Cted> 30 aocurate sensitivity 

pu.es oT(? + A^ 

charging and discharging and. in testing a pulses Sa^ J^ff m having the same time constant for 

ent side integrators and a time deviation SuSS^S - to 1)6 in <° 

time dev.ation occurs, the time deviation is conWbylnTZo 2?2E 2? a" f"*" 1 and *«* ^ *"en a 
measunng signals can be outputted for a long time of 2e dev,atIon hereby a stable mass flow 

Another object of the present invention is to provide a mass fk*™^ 

P 8 01358 ,lowmeter converter which is capable of measuring a 
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time difference AT at high accuracy by charging and discharging N pulses of (T+AT) and N pulses of CT-AT)«^char 
aSerized in that a small time measurement enor due to drifts of the charging-discharging circuit wh.ch are charged with 
Sch N ID taSrt MM Pulses of (T+AT) and (T-AT) can be compensated by switching the charg.ng^scharg.ng 
M ^ctoSSSLSe cycle so as to allow N pulses of (T+AT) and N pulses of (T-AT) to enter in Afferent c.r- 
cuS^SdeTereby stable and accurate Mm measurements can be conducted for a long time of use. 

Another object of Represent invention is to pro^e a n!ass flowmeter converter for use in a C^rio^ 
ino a f tow tube supported at least two points, which detects a Coriolis force acting on the flow tube when the flow tube 
S^vlEaSeSSrnatura. oscillation frequency about the supporting points as a phase ^ence ^nd m^ures 
SLJmrtV to the detected phase difference, characterized in that s,nce a ^SCZS 
vary depending upon fluid density and flow tube size and a zero drift proportK>nal to a rec ^«**^^*^°^ 
^produced. ttTe natural frequency is detected, a reciprocal number of natural frequency detected tor *° *™ ^"™ e 
Isolated and the measured time difference is compensated for the zero point drrft calculated for the natural fre- 
quency to attain a high accuracy of detecting mass flow of variety of fluid. 

Another object of the present invention is to provide a mass flowmeter converter havmg a ample const ru*» and 
a higVaccuracy. wherein an integrator is charged with N pulses of (T+AT) having a specked PJ^ue and I thenthe 
cha?ge vortage is discharged by N pulses of (T-AT) having a different peak value and a drfferent polanj the ^ *arge 
Pufses are thereby reduced by the N discharge pulses to obtain an analog vottage conespond.ng to 2 NAT from wh.ch 

8 ^r^Sfpfesent invention is to provide a mass flowmeter converter for use in a Cordis flowmeter 
whi^ doubWstraight tube type comprising an inner flow tube allowing measurable fliud to fto* MhntowJJ. « 
^ u mer balance being a substantially rigid straight tube concentrically enclosmg the inner flow tube and supportedat 
Z ends on the inner flow tube and a driving means for oscillating the double ^ « £££2" 

whereby a mass flow proportional to a phase difference at opposite positions near to the supporting pants smeasurad. 
TZX Z»S to a natural frequency is determined and the obtained mass flow and the calculated <^ensrty 
are (SrecSd foTtempeTature of the measuring flow tube and temperature of the counterbalance, thereby enabling the 
mass flowmeter to measure mass f lowrate at a high accuracy in a wide range of temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a block diagram for explaining construction of a conventional mass flowmeter 
Fig'. 2 is a view for explaining an example of measuring a time difference by a Conol.s teeter 
Fig 3 is a block diagram of a conventional mass flowmeter converter for determ.nmg a time difference AT 
Rg: 4 is a circuit diagram for explaining an embodiment of a mass flowmeter converter according to the present 

invention. _ . ._ _ . 

Fio 5 is a time chart for explaining the mass flowmeter converter shown in Fig. 4. 

fS'. 6 toVdUil diagramfor explaining another embodiment of a mass flowmeter converter accord.ng to the 

•""STSSE 7B are output voitage characteristics for explaining the circuit operation of the mass flowmeter con- 

verter shown in Fig. 6. 

Fin ft Rhnwtfs a relationshio between a time difference AT and a mass flow rate Q M - 

Z I ^££3 TeSts for explaining a relationship between a natural oscillation and a drift va.ua for a 
^R^oTa drcurt diagram for explaining another embodiment of a mass flowmeter converter according to the 
presert invention^^^ ^ ^ping another embodiment of a mass flowmeter converter according to the 

'^S^Sme chart of a pulse train for expfcining the operation of the massflowmeter ^"^"f^ 
Rg 13 shows a voltage-time characteristic of charge<Jischarge vortage dunng a time interval from t, to t 2 and a 

nt^'a^ 

Fig. 15 is a circuit diagram for explaining another embodiment of a mass flowmeter converter according to the 
^Rg.'^shows an exemplified time chart of twitching the mass flowmeter converter shown in Rg. 15. 
55 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In a Coriolis flowmeter which comprises a flow tube secured at both ends on the supports, with a driving means 
dispo^d *2 cenTe^mereof and detecting coils arranged at symmetrically on opposite sides of the ^-ng means on 
Sashing f Sr tube, a mass flowmeter converter used therein has a circuit that when a fluid f towing tube .s osal- 
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lated at a constant frequency with a specified amplitude, e.g., a natural frequency by driving means receives a detect 



portio^^^ 

^r^rfvZ^f^ P° rt,0n the flow **• (not s" 0 *") herein measurable fluid flows and an outer hous- 
between the driving portion and the supporting walls of the outerhou7ng ^ ^ 

outputs a detection signal at a point P and transfers it to the full-wave rectifier circuit ior whl* J? ™ £ ^ 
received detection signal 'ntoaDCvotege. Thedriv^^ 

ation of the phase detecting circuit 1 05 will be described bellow "eternng to Fig. 2, the oper- 

... are displacement signals of the flow tube, which are represented (by voHaoes beina rtffer^tTn rZ f 1 

A square CCj DD 1 is a parallelogram and a time difference AT between Darallel sWas rn a «H r n v „ u 
^ («T*AH-4(r.4T))/8.AT ,„ 
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of. e.g.. 100 MHz. Clock pulse oscillators which are nowadays available have not sufficient reliability and stability. In 
practice, it is rather difficult to get a high accuracy clock oscillator at an inexpensive cost. 

Fig 4 is a circuit block diagram of a mass flowmeter converter (embodiment 1 ) according to the present invention. 
In the circuit of the mass flowmeter converter of Fig. 4, a negative leading pulse (T+AT) which has a pulse width of a 
time (T+AT) and a constant voltage value (-E) (referred hereinafter to as (T+AT) pulse) enters into an input terminal 1 
Sis connected to a contact 7 to be turned ON and OFF by a switch 8W 1 . a charging/discharging circuit composed 
oVan inpS resistance R, and a feedback capacitor Cl and then a an integrator composed of an operation* ampler 
12 A negative lagging pulse (T-AT) which has a pulse width of a time (T-AT) and a constant voltage value (-3 (rtwrad 
hereinafter to as (T-AT) pulse) synchronously with the (T+AT) pulse enters an input terminal 2 !which is connected to a 
contact 8 to be turned ON and OFF by the switch SV^ , a charge-discharge circuit composed of an input resistance R 2 
and a feedback capacitor Co and then a an integrator composed of an operational amplifier 13. 

Feedback capacitors d and <h of the operational amplifiers 12 and 13 is provided with contacts 4 and 15 parallel 
connected respectively thereto and drivable by switches SW 4 and SW 5 respectively. The switches SW 4 arxJSWstom 
ON just before charging operation to discharge the capacitors C 1 and Ca- The operational amplifier arcute 12 and 13 
are provided with zero-crossing detector circuits 16 and 17 respectively, by which zero-crossing signals are detected 
and transferred into the CPU 18. The resistance values and capacitance values are selected to be equal to eachotoer 
i e R = Ro and C, = C 9 . On the other hand, a contact 9 drivable by a switch SW 2 is connected in senes between 
the'contact 7 and the resistance R, and a contact 10 drivable by a switch SW 3 is connected in series between the con- 
tact 8 and the resistance R* A reference voltage source 1 1 for generating a positive reference voltage Es is connected 

^ e r^rS?me a atJvimentioned mass flowmeter converter will be described below with reference to Fig. 5^ 
Fig. 5 is a time chart for explaining the mass flowmeter converter shown in Fig. 4. For this instance, a measurement 
starts at a moment t, in the time chart. The switches SW 4 and SW 5 are first operated to turn ON the contacte .14 and 
15 (Fig. 5-(i) and (h)). whereby the feedback capacitors C, and C, are discharged. After this, a high level signal ^of the 
switch SW, (Fig. 5- c)) simultaneously dose the contacts 7 and 8 for a period from t, to t 2 in which N pieces of pulses 
^AT) (Fig S-U enter a resistance Rl and. at the same time. N pieces of pulses (T-AT) (Fig. 5-(b» enter toe .resist- 
ance^ ;. FiThVs period, the switches SW 2 and SW 3 have a low level signal (Fig. 5-(d) and (e)) to keep OFF the con- 

^^uently. The Rl -C, integrator receives an input of N pulses (T+AT) and has an output voltage that increases 
along the line AB (Fig. 5-(f)) in proportion to the number of input pulses input At 1he same time toe FVCa integrator 
recehres an input of N pulses (T^T)and has an output voltage that increases along the line AD (Fig. 5jC0) ^J 5 ***^ 
to^umo^of input pulses W The pulse (T+AT) is apparently larger in width than toe pulse ^^herefore. 
a^voltegeatpoimBislaTgerthanavoltegeatpointD.Next.intoepericdof 

(F,g. 5 (0) causes the contacts open, the OFF signals make switches SW 2 and SW 3 generates htfrt£ otrtput sig- 
nals (Fig 5-(d), (e)) by which the contacts 9 and 1 0 are closed to apply a positive reference voltage E 3 of the reference 
Stage source 11 totoe RrC, integrator and toe R^imegrator. The charge accumulated for toe perurf^^ 
Scharged. As paired resistances R, and R 2 are toe same (R, = K 2 ) and toe paired <^°tors*e toe same 
(C, = C 2 ). the BrCi integrator and the R^C, integrator are discharged according to the hne BC ^and the >hr eDE 
respective* (Fig 5-(f)) and respective discharging lines meet at respective zero-crossing points (time positions E and 
r^nlTe?o voHage ne. The^constants R.C, and R 2 C 2 are equal to each other (R^ , = R 2 C 2 ) and thedis- 
charging is conducted by the negative reference voltage Es of toe reference voltage source 13. lines BC and DE are 
SSto eTcS otoer ana lineslb and EC are proportional to each other. The line EC represents the tune ^baseThe 
Sro-crossing point C is detected by the zero-crossing detector 16 as a zero^rossmg time signal I gj «J- e toe ^zero- 
crossing pointEis detected by toe zero-aossir* detector 17 as a zero^^ 

a pulse hSing a pulse width of g, and toe detector 1 7 outputs a pulse having a pulse width of & (Fig. 5-(Q»- A period 

be^eenthe^^ 

follows: 



N(T+AT) - N(T- AT) = 2NAT 



(2) 



The zero^rossing time signals g, and g 2 are inputted into the CPU 1 8 by which they averted 
signals which is further processed to form a signal of 2N times the time difference AT proportional to toe measured 
mass flow and then outputted. 

The operations of switches SW 2 . SW 3 . SW 4 and SW S are as follows: ic 
The nTgh level signal (Fig. 5-(d)) of the switch SW 2 . by the action of which toe contact 10 is closed at a time t 2 is 
swHcfS bfaTe^o-crossing signal g 2 of the discharging line DE (Fig. 5-(g)) to a low-level signal at a tme g^At toe 
sa^^e the zeroing signal causes the switch SW 5 to raise a high level signal (Fig. 5-(h)) and closetheco^ 
^sTdischarae toeThame of tofcapacitor C, of the (T-AT) pulse side integrator. The high level signal of toe swrtch 
5£ %M Si ££S sSnal bTalS .£e. signal of the switch SW, defining a time i 3 at which a succeed.ng 
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SSLTI Schi h i!; •"""^ the hiQh leV f Si9nal (Rg - 5(e » 01 *• ■** sw 3- by which the comact 9 
is closed at a .me £ is switched by a zero-crossing signal g, of the discharging line BC (Fig. Wg)) to a low-level sianal 

2£J? 4 1 * e IOW level a9nal {R 9 *<W ^ a ni 9" ,ev el signal of the switch SW, defining a time fa at 

which the succeeding following measuring cycle starts (Fig. 5-(c)). aiming a time tj, at 

rrJS in , R 9- 5-0). *e period from t, to fc is a charging period T c for simultaneously charging with N pulses 

£w m£T £ U ^ betWe6n ^ ^ «3 fe a PW*n period T D in which'the cha^eTare , mT 
neously discharged, the zero-crossing time gl of the (T+AT) pulses and the zero-crossing time g, of the (T-AT) oulsi 
are determined, the feme difference of 2NAT is measured, the integrating capacitors C, and & are d^mJTE? 

ftsa ^ * preparaBon for a succeedin9 <* c,e - M522?At ,SE£ 

*ng from cha^ng with N pulses (T+AT) and N pulses (T-AT) and ending at digging TeTrteSa^a 
^n ^cJT 5^ P^* 0 " *>' succeeding measuring cycle. The measuring cycle is then^eated 

In a mass flowmeter converter including an embodiment 1 shown in Fig. 4, time constants R C - R C are 
selected but resistance R and capacitance C may be inf .uenced by temperate ZwyZTtotoe Jono o^erabon 
penoo. Consequently, the time constant may change, bringing an enor So the tin^Zer^ m^remSt^,^ 
embodiment 2 ofthe present invention relates to a detecting drcurt for detecting a ^S^SSSSSi 

^Sl^r^ b6lWeen 8 8 and a resistence «* a «"« "hereto (T-AT) puEe^^wrS 

££2T * ^ 24aredrivenb y a high-level signal of aswitch SVTC connected an input te^ 

STJ 2 *' S . C °" neC, * 1 . with *° '"Put terminal 20 and contacts 2! and 22 are closed by a U Mm!S 

X * ,s connected wnh *• inverter 25 and the «~ 24 is 

TfTe«)ntact 21 is connected at one side between the contact 23 and 7 whereto (T+AT) Dulses are suoniieri nnH 
SmUarly. *e contacts 22 is connected at one side between the contact^ and 8 whereto (T-A^ pu^aTe sS £ 

of m'^riS^^liilS; 6 ; ^fl 23 and 24 arS C,0Sed * a ni9h - ,wel si anal of the switch SW 6 for a period 

cuit sSn in r Rn ^m^? 8 fT*^" 18 fof BXplainin9 ttlB ODera,ion 01 ma <* fowmeter converter dr- 
n^s^meS'^m" art^f!? ^t'* 6 "™ 8 characteristic of the converter circuit in usual 

massftow measurement and F,g. 7B .ndicates the time<iifference output-voltage characteristic of the converter drcurt 

In Fig. 7A showing a time-difference signal obtained in usual mass-flow measurement m r».i=«« n at» 

and a measurement ttme difference is determined acceding to the following expression: E^T- STx AT - at " 
Refernng to Fig. 7B. a time difference signal AT 2 is obtained in testing in Se following , manner: 1 

N pulses (T+AT) through an input terminal 1 are inputted into the integrator having a time constant R r w-hirh™* 

T 9e accordin9 a ,ine ^ and - at *• *™* *2 p^3J!S3S^S2S2i 

are^nputted into the integrator having a time constant R lCl which outputs a charging voltage aSfngTate 
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mined. , . . . 

In case the time constant R.C, is equal to the time constant it is j^ged that there .s NVd^ 1 ? c ° f 
both time constants R 1 C 1 and ^ if the measured time differences AT, = AT 2 . When the time constants R^-RaC-, 
is equal to ATe, a measured time error ATe is detected as a doubled value expressed as follows: 
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|AT 1 - AT 2 | = 2 |ATe| 



(3) 



40 



Tne measured time difference includes a deviation, causing an error in measured flowrate value. The CPU 18 
determines this measured lime error ATe and corrects the measured mass flowrate valuator the ^MMhnror value. 

As mentioned above, the mass flowmeter converter shown in Fig. 6. which is an embodiment of toe present inven- 
tion, in addition to an effect proposed by the embodiment 1 shown in Fig. 4. can measure, at specified intend. apos- 
sible error of measurements due to a change of essential time constants caused by aged deter.orat.on of dements 
and/or temperature influence and can correct the measured flowrate value for a detected error, assunng retaWeand 
accurate mass-flow measurements at an increase sensitivity. Although 2N|ATe| .s a very smafl value ^ mayconad- 
erably vary depending on the sunounding conditions of the mass flowmeter converter, a much complicated technique 
must be used to univocally determine a correcting cycle and execute it at a specified interval. The present invention is 
directed to provide a simplified method for univocally determining the enor correcting cycle. 

To solve the above-mentioned problem, the following embodiment of the present invention is to provide a method 
for eliminating in time series a drift and aged change of an integrating circuit without using special correcting means in 
such a way that using a merit of measuring a time difference AT at a high sensitivity by charging and discharging N 
puTses JSaT^N pulses (T-AT). a measurement error ATe of a time difference AT. which appears as 2N I times 
enla^ueTcorrected between a measuring cycle and next measuring cycle and such 
time series. In the mass flowmeter shown in Fig. 6, a first integrating circuit 27 with an input of N pulses £AT) anda 
second integrating circuit 28 with an input of N pulses (T-AT) are charged at the same time with respective ^^^^ 
ages and toen discharged at the same time by a reference voltage, thereby zero-crossing signals are obtained^ The 
zero-c^ossihg signals include a time measurement error for each measuring cycle. In the next measuring cycle. N 
pSse^I?) a?e inputted into the second integrating circuit 28 and N pulses (T-AT) are inputted ,nto toefirst integrat^ 
ing circuit 27. The time differences obtained by two successive measuring cycles are added to each other to obtain a 
time difference signal 2N(AT) wherein no enor is included. This method is described below. ....... 

N(T + AT) and N(T-AT) in the equation (1) are time signals containing a drift (including an aged change) of the f.rst 
integrating circuit 27 and the second integrating circuit 28 respectively. 

N(T+AT)=ta 2 +to 2 W 

N(T- AT) = ta i + to 1 & 

where ta, and ta 2 are an accurate time corresponding to a mass flow, and t Gl and toz are a time corresponding to a drift. 
Therefore, the equation (2) is converted to: 

N{(T+A7) - (T- AT)} = (ta 2 + to ->)-(*! +to,) < 6 > 
= (ta 2 -ta^ + CO;, -to,) 



Supposing that (to 2 - to ,) = 0 . the equation (6) can be simplified as follows: 



45 



AT = (ta 2 -ta 1 )/2N W 



To attain (to, - to n ) = 0 . a first measuring cycle in the equation (5) applies N pulses (T+AT) to the first integrating 
circurt2^and N pul&» (T-AT) to the second integrating circuit 28 and determines 2N(AT). Next mea f""^ 3 ^ 0 ^]^''^ 
50 N putees (T+AT) to the second integrating circuit28and N pulses (T-AT) to^ 1 "^^"^ 7 ^"^ 
2N(AT). Two time difference values obtained by the first measuring cycle and the second measunng cycles are com 
bined as be in the equation (5): 

N{(T+AT) - (T-AT)} = (ta 2 + to,) - (ta, +to 2 ) (7) 
55 =(te 2 -ta 1 ) + (to 1 +to 2 ) 

Accordingly, the equations (6) and (7) is added to each other as follows: 
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4NAT = (ta 2 -ta 1 ) + (to 2 -to 1 ) + (ta 2 -ta 1 ) + (to 1 -to 2 ) =2(ta 2 -ta,) 

AT=(ta 2 -ta 1 )/2 (8) 
SS^S*'* *" Sam L aS *1 eqUafon {Sr ACOOrdin 9'y- this m «thod can determine a time difference AT accurately 

havil?!^^^ 8 '? ^ inputted into,ne mass flowmeter converter shown in Figs. 4 and 6 are voltage pulses 

or a measuraDie fluid, diameter, length and geometrical figure of the flow tube, which mav be selected J 
measuring range of flow. In an ideal Coriolis flowmeter, if me density of a measurable 2 ifJ™S?JS *T^L 

t,me drfference AT. In practice, the time^lifference AT is not proportional to tnema^s «™?t T^nST^rS^ 

lower frequency to a h.gher frequency. The applicant found the relationship having the fbllowSg^reSon? 

Z.ccKxf" (g) 

(msns i;m = l oo) 

The reason why this relationship occurs is as follows: 

swes AB and CD of the trapezoid changes as the natural frequency, but the oblique sides AB and CD ar * J^l™7 
rately but approximately straight lines. Consequently, a consent ?in an CeSton of Rg I is^nt! 

Kxf " 00) 

( ms n a 1; m = 1 oo) 

This relationship makes it possible to make a correction for a drift value 
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natural frequency f is determined. The following expression is calculated by a reciprocal calculating portion 39. 

f -n (11) 

5 

The JuT n S (fo^le.' 1) is°°slored in the CPU 38. This is a drift value Z, shown in the expression (9) . Consequently, 
the time difference T x after correction is expressed as follows: 

15 T -T -T -Z. < 13 > 

» x a off *~\ 

The equation (9) can be generalized as follows: 

Z a xf+Z h 
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m iicas /T+A"n and fT-AT) have different signs and different crest values. c^-^m 
pulses (T^T) a^ a , r« e ^ ^flowmeter converter embodying the present .nvenbon. For exam- 

pulses (C+AT) and ^J" A ^ J?l flate driving voltage signal, the contact 45 is OFF and the contact 
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only pulses (T-AT) of input vottaoe uT^ZrZ,^^ hlfln - |evel a 9nal from the inverter 46, thereby 

grator is charged to the point B by pulses (tSSs fS^S^Z X S ^ * VMag ° by wWch ,he inte - 
of pulses (T-AT). Since the pu.se ^l^frT 68 ' 50 ^ 10 me number (N) 

P^ageVcorr^^ 

Vp^oTlio^^^ 

by the A/D-converter circuit SOTh* Sn 5 , ^IJl? ** "P"?" 9 C,rcurt 49 and irrt ° a digital value 

needed to provide a m£££ ^nZSjEZSK*"!! 1 Si9na ' and de,ermined * e "«ssflowrate. It is 

d^r^?^ 

uring cycle is a period corre^rnTto t^Lr?^ f^t 2 ? the P enod between «2 and t 3 - Consequently, one meas- 
• The discha^^^^^t^^ Meen *1 and t, for * e (3N) of pulses. 

SW 2 . The high-ILCna^^^ a ^ " ube *™ •» switch 

the switch SW, at the ?me f when one SSSlSflSS A T 8 ^ * 

to a time for inputting 3N input pulses from the highSevel 2StS£ «S.TTT? ^ " 8 Pen0d corres P°« , ''no 
from the time 14 and corresponding the to aoer tod 2t» E, ™ ^ , t4 J A ! ubsequent measuring cycle starting 
above-mentioned time p2S« V arX™ -S! 5? 2* P"*""" 9 meaSUrinfl cvcle 01 » e 

of the switch SWl . i.e. a hto h^TanalVavrw^ 1^1^ ^ * *"* ***** * * e O 3 * 6 drivin 9 "to*" 
^na^enfc^^ 

aneg^vo^ 

ceeding duration % \ is to dtehamette h*££L ^KT£ ^ J*™ 9 8 C ° nS,ant Crest value < +E *> and th * suc- 
pulses (T+AT) havtng a SSSSS ^(1) ^^11^^^ " f inVerted OUtput <* N P ieces * 
ceding measuring c£le from t, tot, 1,16 OU,put ^a V is the same as that of the pre- 

«me^^e 2 iofn T g ^Z^^ZZZtS, <3 * mea *^ a <* the 

into the A/D-converter cLTZSS?! E^^XSJK *"* J* J 1 *" ^ VoKa9e is 
putted. The digital signal is then trarSed 2^,5 ~ 9 * proport,onal to the analog voltage and out- 

digital data to obtain a mass ZZZSS S! If 0ut a m * h «w** operation on the received 

through the terminal ^^"SS^^^^^^T M * from » e CPU 51 

discharging operations realized bVswS m^Si^ <i a ^ ^ are P™ 68 ** 1 trough charging and 

working range in wSch nJsuremen, nCeSu^^ ^ into 30 Unstab,a 

for example, equal to a crest value (+E2) of a pulse (T-AT) ie^ kTY-°ie! l^he oiitrf!? v a' ue a P 11 ' 86 (T+AT) is, 

fier is zero with no flow of a measurable fluid fi e at AT - oi' - J^iIrL™^^ 1890 ^ the 0 P era «"» l a™P«- 
zeropoint drift. A stable range of the VtaL~™I^ J^ UnStebly work an influence a 
a relation flE^ > |E 2 D- "^^^^SeV to be measured with no zero-level voltage is obtained by selecting 

oufout vdtage be nega^e^ tSfSSJ^ attee (Ta^TSI^^ ^ ^ ^ *» 
by a dotted line, which can make a measured hel*» ^be neoltiv^n . Setected «*«Be («^) is illustrated 

ted line (Fig. 13). rtage 68 neflatlve ,n negate voltage range (-V^ indicated by a dot- 

whiCs:^^^ 

(T+AT). This feature enables the ma^ f lovmJer to m^tS Nieces of pulses (T-AT) from N pieces of pulses 
0nly -r^ ,e ^r 9 8 SUH8ble N V8lUS *^^^^odal^o^3^ ^ 3 8ensitivitv and a ni 9 h accuracy by 
n^^S^tSS^Z Sr te 8 " — - a —en, which 
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wwmmmmm 

** f* IS. mn- «*. 63 and the out* tub. 64 «. n«u). 01 th. su*. IMMcW. a <"«««• <* lb"™ 1 

fluid. A measured density value p. therefore, includes an error. .„. lates temDe ratures detected by the 

so the mass flowmeter to use a simple stra.ght flow tube _ ^ hj ^ her rigidlty the inner tube 63. 

quency as the inner tube 63 has. This makes ''ff*^™^ 
55 which is capable of oscillating ^^^^S^SS^S bya^S ad?ed to L inner tube, 
flowmeter thus constructed (not shown) differs from the ^"3**7 ^ invention ^ be n0 t only 
The arithmetic processing unit 

nt^a^ 
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The inner resistance 69^^^ JSSn^ A B Z^Tj ""l* * ^ " faAi to *» described 
A2. A connection point B is connected SITZ^?? 6 outer «*istance 70 is connected with terminals b. 
B. b. A, of a corJZJo CS^^ «™«« **h respective terminals A, 

tion 80 are interconnected by leading win^s e^^cSd ^ ^H Conol.s flowmeter 61 and a signal processing por- 
are omitted for the sake of sfmSoTru ^ ^^n^^ W ^ a ^ ( ^^P ( ^^^ 
80 are connected wfth each Ther^ u2g I TnT* 61 -nd Signal pr0Cessi "9 »»*" 

connected with the signal processing portion 80 ^T«» E£Z 2 ?*' P^on 89 and a CPU 90 are 

70 and resistances R?. * £e7eStaTes R^anS R a^n^T? 1 01 8 reSiSta " Ce " 1 ' a resistance 89 <* 
source V REP where R, = 3 R 2 . Inm^ge^^ 

69 and the outer resistance 70 are switched bv a swftcL^r ftf^ ° are each100aJh * inner resistance 
a terminal E of the CPU 90. An ir^ter ? £ * s^ T^m^'V**^* * S C ° ntr ° l Si9nal from 
other, one is turned ON and the oZ OFF. SWrtCheS 81 and 82 which operate reversely each 

^0^^^^^^^^^^^^^^ This temperatore signal 
an amplified aSlo^ tempem^e^ it is ampltfed and outoutteS as 

ital signal is inputted into the CPU 9^The CPU M o«ierat« « HOH! *■ , * 6 A/D " converter Portion 89. The dig- 
tube 63 and the outer tube 64 are Si,** Tto nS sfanafe Z!£Z?JZ? signals of the inner 

out correction of mass f tow and densi^u^suS tr^S ^rlT™ T ° PU ^ TheCPU90 carries 
nals and outputs the corrected values * S ' l0Wmeter 61 accordin9 t0 106 temperature sig- 

verte^rT;;^ 18 ?T 88 " W *— * A con- 

resistance 70. This makes it isXto pfoS TJ^J^llt *" inner resiStance 69 the outer 

zener barrier unit 86 and a fuse88 a e SdLTr^T™ 84, a zener barrier unit 85 and a fuse 87. A 

whole system. Acco*^. X 'SJSStJ^tTiSr * S'T^ ° ,partSand ~-p.icatioTof 
andzenar barriera by Proving L sw^Tsi^ 
perature of measurable fluid and temperature ot ^nll^n^Zr ? 030 be free,y a^ed. However, tem- 

a programmed timing chart SmSSS^^SSSi^^Z. ^ "? ^ ays constant ' •* requires to prepare 
dure for switching temperature !2S^ ^JT? Accoid,ngly. the present invention provides a proce- 
and 82 can be hJjSSK ^7^^^!"^^^ ? ^ ^ 

not afways constant, that requires to^i»^^SSSiS^^^^ -^ r fJS? er !!" re 01 ^^ing medium are 
ingly. the present invention provides a^^^S^^^ SWtChm9 106 82 83. Accord- 

ation of temperature change. P roce aure ** swrtchmg temperature measurement prepared with due consider- 

16. ^ind!^^^^^ 15- -n Fifl. 

exceeds a specified mm^SXSL a £Zl USZST^iX **" 8 temperature *■"«» 
(b) shows a pulse Q for driving^ i^Si^VS^XS^^ 69 "« R * 16 " 

pl.ng temperature measuring time t x1 for the inner tobe 63 and 2 « m ^ X atCh " 19 - 1 6_(c) a s 8 " 1 - 
time t„2 for the outer tube 64 ^ e 63 and F,fl - 18 " (d > 6hows a sampling temperature measuring 

OFF. The pulse P is OFF while the pulse Q teON example, the pulse P is ON while the pulse Q is 

fube T 6V^r^^ ^ 63 and a temperature of the outer 

wherein temperature SSZ^SSS "£££l mJSZXX ^ "* ^ 81 °' the ™" ,Ube 63 
of the switch 82 of the outer tube 64 Thismean?Sl ™ 7 ^ ^ a switehin9 1" 116 (P ulse width Q,) 
inner tube is increased to cormoTadWerer^^ 

Pie, during the period of tSputee P^Te^^lT., the OU,6r 64 and ^ inner tube 63. For exam- 

a time t x1 for a time T "rr! >,,) mSSTZ^T""™™ are c " ,w 001 (N-D «mes sampling within 
fa during the period ^ tT> S ^pu^ measurement is conducted foTthe^TcS 

times each for sampling duratiotrf T ?I?S. 2*!3S£SSS an?ter e e r n ^ ^ ' S ^ 9 
tube .s earned out one for the period qT (time T ) If totoflJ « Ttl™! 1 tem0era,ure measurement on the outer 
that a temperature difference between S^'i^ J^S^^^^ 0uf ^ *• result 

operations are determined as one mea^remeS cS to blS " ^ ^ ^ these 
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10 



inside tube 63/the number of switching operations for outs.de tube 64) or a difference Ni 

Since the temperature measuring means can be selected f^ to .^^^^e aSTmtiuS 
f erence between the inner tube 63 and outer tube 64. temperatures of the inner and outer tubes are arways measure 
TEH accordingly, accurate measurements of mass flow and density can be reaped. 



Claims 
1. 



20 



25 



Tng circuit and a second charging and discharging circuit for simultaneously •nputtng I (N I ^ ) 

ing andtf.scharging circuH. and has an output of mass f lowrate proportional to the detected time difference. 
30 2 A mass flowmeter converter as defined in claim 1, characterized by providing an input pulse switching aram for 
ing an input of the sea)rw cnarging ana a « * according to a deviation of zero-crossing time 

charging and discharging circuit. 

wmmsmm 

mwukg «daa and hava an cup* of mas. Howrata proportonal «, me addad .ma atfcranca. 
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). 



d-nS^^^ 

frequency measZg m2S far Sea^na ^SETT meaSU " n9 mSanS *» determining the time difference, 

rSrocal number Ja ^X^^^^l^Z^^T T***" 9 ^ *" 0-a **» a 
-~e«med^^^^ 

one of paired displacement signals Scted* ^ 1 83 a time Terence AT between 

f lowrate proporttona. to said S d£S5 ^Z^l^T^* 0 ™ 8 9iven T and a mass 
pulses havi^acorn^rtaea^ *• ^'a^ent signals inputted as 

circuit switch?** so as to E£2j ^taTng nSS^VT S*^' charcterized in *- • Sate 

n^.achargingfcis^^^ N < N > 1) Pieces of pulses 

-educed JUrtege.^^^^ 

" a^r'S^^ a " ^ Sfraiflht tube «> herein f,uid ffows. 

ends (65) on L KK^iVKSX »S ^^SSZS^ "T^ (63) ^ SWOrted - ^ 
tions at its natural frequency. *£^^S$& ^ "^1"^ ?** (63) ^ te SUpportin 9 P^" 
a phase difference detected at m^^^^SSS^STTS^ IT* to 
inner tube (63). determining a fluid densitvacLXT^ £ £T f 1 6 respec6ve S"PP°ting ends on the 
»e<etermin^^ 

" iZ^^^^ST T? r ^ tUbS {63) •»"* fluid flows, 

inner tube (63). a ^^a^J^l^Z^ "T ^ (63) and fe supported at both ends (65) on the 
frequency ^l!7ni^S^J^^^^? *V e outer tube at its supported ends have a natural 

the outer tube (64). rnasstiowrate and fluid density for temperatures of the inner tube (63) and 

perature of the inner tube ftaVVi!*™* temperature sensing element (69) for sensing a tem- 

(64). switcCmeTspi ^ a *"P«™ of the ou?er tube 

curt (84) for a signal from the sSc^Zn? ^ S^f^^" 9 (69 ' 70) ' 3,1 am P ,ifier <*" 

and an external output, and haTa SeXe e^ ^^^ifi C °^. eCted between the * <*«* 
fluid density on the basis of an outpu^s^^hTe »2r 8 me8SUred mass f «■""* ^ 

the inner tube (69) while a temne™ti.r« {6970) *" ork t0 continue sensing the temperature of 

ing temperature 1 X VTS^'!5E^; r ""I ' SPeCi "' eC, ^ to ~» 
exceedsthe specified value temperature of the outer tube (64) when a temperature difference 
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